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1. Problem 
We know that the so called theoretically perfect intonation 
1 . The first part of this series was published in Bd. 5 of this 'Folia' 
under the title "An experimental study on successive musical intervals". 
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of a succesive musical interval does not sufficiently satisfy us. 
It is long since this fact was found out. In 1898 C. Stumpf and 
M. Meyer reported that a little enlarged interval was judged as 
pure when it was heard successively, and that this tendency 
to deviation was more clearly found in a rising interval than in a 
falling one, and was greater as the interval became larger. 1 But 
Stumpf and Meyer partly disagreed with each other in the consider-
ation of the results. As a special tendency, the former accept-
ed the enlargement of intervals only and thought that this came 
from the demand for musical expression. The latter, besides the 
enlargement, considered the diminution of some intervals to be a 
tendency which is essential, and did not regard feeling as the cause 
of the deviations. After another experimental study performed 
by Meyer alone, he published the following opinion. 2 "We 
may therefore state it as an established law that the smaller musi-
cal intervals are preferred diminished, and the more so the smaller 
the distance represented by the interval; that the larger musical 
intervals are preferred enlarged, and the more so the greater the 
distance represented by the interval; and that the point where 
the curve of the deviations passes through zero, is situated be-
tween the Minor and Major Thirds. But we must add a condi-
tion to the formulation of this law: namely, the interval must be 
a rising interval". Concerning the small deviations in the falling 
intervals, he thought that a possible explanation for them might 
be found in the fact that sometimes, in order to judge, we call 
up a memory image of the first tone and thus change the falling 
interval into a rising one. But he wrote: "I have thought of the 
question whether the effect of the rising and falling inflection which 
we have discussed above might have any causal relation to the 
difference of deviation in the rising and falling intervals. 
I am unable, however, to establish any causal connection between 
these facts." Stumpf thought that the difference also was ex-
plained by an elementary musical feeling, i.e. the energetic charac-
1 C. Stumpf und M. Meyer, Maassbestimmungen iiber die Reinheit 
consonanter Intervalle. (Zsch. f. Psycho!. XVIII, 1898, 321-404). 
2 See M. Meyer, Experimental studies in the psychology of music, 
p. 461-470 {Amer. J. Psychol., XIV, 1903, 456-478). 
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ter of melodic intervals. His explanation itself is interesting, 
but seems to be not so convincing as the one for the results obtain-
ed by him and Meyer. Meyer's law concerning the deviation is 
only a description of a fact. Moreover, it is questionable whether 
the facts are sufficiently recognized or not. Generally speaking, 
the findings of Stumpf and Meyer were quite valuable, but their 
investigations left many problems to us. Surely they are 
important in the psychology of music and of hearing in general. 
It is regrettable, therefore, that we find almost no later study in 
this line. 
0. Abraham published in 1923 an interesting research on the 
intonation of musical intervals in a German folk-song. He 
found that the deviations (both the enlargement and the dimi-
nution) were fairly large even in the melodies sung by very musical 
people. He formulated several laws concerning the deviations 
of musical intervals and the situations of these in a melodic whole.1 
As the subject which we are to investigate now is not musical 
intervals in a melodic whole but a single isolated interval, it is not 
necessary to refer here to the results of his investigation. 
I previously investigated the intermediate between a single 
interval and a melodic whole. 2 As the matter investigated there 
was of different nature from that in the present article, it is 
not necessary now to refer to the results minutely. Yet, 
the fact that the direction of melodic tone-motion has a very im-
portant role in the judgement of the pureness of musical intervals, 
which was distinctly noticed in those results, is the starting-point 
of the following investigation. Besides, a more direct motive 
for this is a circumstance which was noticed there: namely, that 
the falling Fifth, contrary to the theories of Stumpf and Meyer, 
seems to be preferred a little diminished. 
As was mentioned above, we investigate here a single isolated 
interval only. According to Stumpf's and Meyer's opinion, the 
falling Fifth can not be preferred diminished. Their theories 
1 0. Abraham, Tonometrische Untersuchungen an einem deutschen 
Volkslied. (Psychol. Forsch. IV, 1923, 1-22) 
2 M. Aizawa, An experimental study on successive musical intervals. 
(Toh. Psych. Fol. V, 1937, 99-124) 
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were advanced as a result of the experimental studies of isolated 
musical intervals. So it is necessary for us to investigate these 
again. Although it was not the direct subject of the study, I 
think that we can recognize a tendency to the enlargement of the 
rising Major Third and Fifth in the results and the introspective 
reports of the observers in my previous experiments. The 
falling intervals, therefore, must be the chief subject of research 
here. They were not sufficiently investigated by either Stumpf 
or Meyer. Generally speaking, the influence of the direction 
of melodic tone-motion upon the judgement of the pureness 
of musical intervals was insufficiently considered by them. It 
is quite regrettable that Abraham did not pay attention to it in 
spite of the fact that he investigated a concrete melodic whole. 
In the experiments stated above, I made a research on 
it in the interval series of Do-Mi-Sol, using the fixed Do and 
Sol of the pure Fifth and three kinds of Mi, the pure, the tempered, 
and the Pythagorean Thirds. The interval series were pre-
sented to the observers in the rising and the falling directions, 
i. e. in the order of Do-Mi-Sol and Sol-Mi-Do. Among the con-
clusions I wrote : the musical observers generally preferred the 
higher Mi in the rising series ; in the falling series, their prefer-
ence of the lower Mi increased; here can be seen the influ-
ence of the melodic tone-motion upon the values of musical inter-
vals that we feel to be correct.1 Besides, in the falling series 
some observers reported that Do was often too low. 2 One of them 
said as follows. "I feel that the interval between Sol and Do 
is too large." "I often felt that Do went down too low while Mi 
was true." That Do is felt to be too low is connected with the 
fact that the higher Mi is preferred. But, in our cases it was not 
sufficient for the explanation. As the Do used in the experi-
ment was always the pure Fifth under the Sol, I could not but 
think that it probably means the diminution of the falling Fifth. 
This probability must be examined here. The influence mentioned 
above in a single isolated interval is the problem of the present 
study. Among various musical intervals the Fifth is selected this 
1 Op. cit. p. 124. 
2 Op. cit. p. 122. 
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time as it is the interval in which the diminution of the falling 
interval was suggested at first. The Fifth may be considered as 
a representative of the larger musical intervals. But we must 
not forget that various musical intervals differ from each other 
not only quantitatively in their sizes, but qualitatively in their 
own special characters. So this article is rather a study of the 
Fifth than of the larger intervals represented by this. It is 
especially so where the deviation is concerned, as it seems 
probable that this has something to do with the special characters 
of intervals. I think that a generalization such as Stumpf and 
Meyer made is fairly dangerous. It will help the understanding 
of our study to state here that our direct object does not exist in 
a psychophysical measurement of the quantity of the deviation 
which is found in the judgements of very musical people. Our 
problem is rather a psychology of musical experiences and 
typological differences in hearing. 
Method 
2. Experiments with tuning-forks 
(The falling Fifth) 
The experiments were performed by means of the method of 
constant stimuli. Because of the insufficiency of the instruments, 
we used only two kinds of the Fifth in these experiments, the 
theoretically perfect one and a little smaller one. The higher 
notes of these Fifths were a C of 256 vibrations which was pro-
duced with an ordinary tuning-fork with a resonance box. The 
lower notes were an F of 170 ¾ vibrations (theoretically perfect 
Fifth of 256) and that of 17 4 ¾ vibrations, and both were pro-
duced with tuning-forks with sliding weights. The deviation 
by 4 vibrations was adopted after some preliminary experiments. 
I presented two kinds of the faJling Fifth to each observer in random 
order and asked them to judge whether the second tone was pure 
or too high or too low as the lower Fifth of the first. The presenta-
tion of the interval was made as follows: the experimenter sounds 
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the first tone about one minute and then stops it and, after a pause 
of the same length, sounds the second tone for the same duration. 
I was very carefull to keep the vo]umes of the tones uniform. 
The tuning-forks were sounded rather faintly, and the observers, 
closing their eyes, listened to the tones at a distance of about one 
metre. They did not know that only two kinds of interval were 
presented, but expected to hear several kinds since I showed them 
many tuning-forks -- among which only three were used in 
the experiments --and told them that they should hear various 
falling Fifths in which the first tones were always the same and the 
second tones were sometimes of theoretically perfect intonation 
and in other cases deviated from it in various degrees. 
Generally, twenty judgements (ten per each kind of interval) 
were obtained from each observer by two series of experiments 
on different days respectively. In some cases, owing to the 
circumstances of the observers, they were given on one day. 
From two of the observers who kindly attended the experiment 
four times on different days, I obtained twice as many judgements 
as from the others. 
Besides the experiments by the method of constant stimuli, 
I asked several observers to themselves tune the lower Fifth of 
C (256 d. v.) by moving the sliding weight of the tuning-fork F. 
The C was sounded at first by the experimenter and the tuning 
began after it was stopped. It was sounded again at the request 
of the observers while the tuning was going on. I was careful, 
however, not to let two tuning-forks sound at the same time. 
The pitch fixed by the observer was examined after he left the 
room. 
Observers 
The observers were seven in all. They were Miss. Dm., 
Miss. Fk., Miss. Km., Mr. Ns., Mr. Oi., Mr. Oz., and Mr. Yz .. 
I express here my heartfelt thanks to them. In this investigation 
I selected as the observers only those who have high musical talent 
and skill. Dm., a student of English literature, plays the piano. 
Fk., a student of aesthetics, plays the violin. Km., a student of 
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psychology, plays the flute and the piano. It was this observer 
who, in the previous experiment, reported at first that the ob-
jectively perfect falling Fifth seemed to be too large. Ns., a stu-
dent of law and the concertmaster of the Philharmonic Orchestra 
of Tohoku Imperial University, helped in the previous experiment 
also. Oi., a zoologist, plays the viloin. Oz., a student of law, 
is the top contra-bassist of the orchestra. Yz., an economist, 
plays the violin and the piano, and also was an observer previously. 
Results 
The numbers of the judgements 'pure' (including 'nearly 
pure'), 'too high', and 'too low' were as follows. 
Table 1 
The second tones 170f d. V. 174f d. v. 
The deviations 0 +4 d. V. 
The judgements 'too low' I 'pure' !•too high' 'too low' I 'pure' j•too high' 
Dm. 4 0 6 1 6 3 
Fk. 9 0 1 1 7 2 
Km. 8 2 0 1 7 2 
Obs. Ns. 0 7 3 0 0 10 
Oi. 2 5 3 4 5 1 
Oz. 18 0 2 8 7 5 
Yz. 11 9 0 7 10 3 
Totals 52 I 23 15 22 42 26 
The introspections were very few as the observers were gene-
rally not trained to this. Among them the following are interesting. 
Obs. Fk. "The judgement was sometimes easy and some-
times difficult. 'Too low' was easily noticed. When 
I said 'pure' and 'nearly pure', I imagined the simul-
taneous Fifth." 
Obs. Km. "Tones which I judged as 'pure' seemed always 
to be slightly higher. Among those that were judged 
as 'too low', some were very low and quite out of tune, 
and some a little too low." 
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Obs. Oi. "The judgements were confused by the bright-
ness of the room." 
Obs. Oz. "I judged without being reminded of any melody. 
I didn't imagine the rising Fifth." 
Examining the pitches of the tuning-forks modulated by the 
observers, we found the following deviations. 
The deviation 






"This is the objectively perfect one. 
I like a little higher one." 
"I imagined the falling Fifth accent-
ing on the first note. I tuned the 
theoretically perfect one, but I prefer 
it a little sharpened." 




calm and quiet." 
I.+3.4 
I. +0.2, II.+ 1.8 
l.+5, II.-1, III.+6 
The introspective reports by Obs. Km. and Ns. tell us that they 
assumed they could imagine the Fifth discriminating the objecti-
vely perfect one and the one they like. But Km. showed in the 
result of the chief experiment that the assumption was not true. 
The result of the first tuning is to be considered as an exceptional 
case. The result of the second tuning by Ns. and the intro-
spection coincide with each other. But it is not necessary to 
consider that the observer consciously tuned the tone a little lower 
than that which he felt to be objectively perfect at that time. I 
think that the introspection is not the introspection at that time 
as regards the tone, but rather indicates a knowledge obtained 
through his experiences of playing the violin. 
Consideration of results 
In the results of the chief experiment (Table I) we can easily 
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find a general tendency indicating that the falling Fifth is pre-
ferred a little diminished. But, some exceptional cases are found 
also. The preference of Obs. Ns. is quite opposite to the others'. 
His judgement rather has a tendency which bears some resem-
blance to that stated by Stumpf and Meyer. By his own tuning 
too, he preferred the interval a little enlarged. His preference is, 
however, to be considered as an exceptional case among my ob-
servers'. Tuning the lower Fifth, I experienced myself that I 
often preferred a little lower tone when I accented it or imagined 
it as an ending note of a melody. It seems that the accent has 
some influence upon the judgement. So, before we began the 
experiment, I asked the observers to be careful to hear or to ima-
gine the first and the second tones of the falling Fifth accenting 
them equally or without accenting either of them. However, it 
was not easy for the observers always to hear in this way. It 
seems that Obs. Ns. inclined to hear the second tone as the ending 
note of a melody, while he reported that he preferred a lower 
one as it sounds calm and quiet. All of his judgements were 
obtained on one day. Obs. Oi., who also attended the experi-
ment only one day, does not show any change of the preference 
for two kinds of the interval. It might be in his case that he could 
not sufficiently discriminate these owing to the bad condition 
of himself and of the room. He reported the difficulty of the 
judgement on account of the brightness of the room. This also 
was a special case, but tells us that we must not neglect the visual 
condition in experiments on the hearing too. The tendency that 
is generally seen in the results is not obvious in the judgements 
by Obs. Yz. either, in spite of their larger number. But it may 
be considered that he also preferred the interval slightly diminish-
ed. All the other observers except these three mentioned above 
generally show the same results. It is clear that they preferred 
the second tone which is higher by 4 vibrations than the objecti-
vely perfect one. This deviation seems to be fairly large. I 
think this comes from the condition that the tones used in the 
experiment belong to the lower tonal region. 
When we show the total results of the chief experiment in 
percentages, we get the next table. 
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Table 2a 
The deviations I 0 I +4 
"' 'pure' 25.5% 46.6% +
i::: 
Cl) s 'too high' 16.7% 29% Cl) 
b.O 
'"O ~-
::, 'too low' 57.8% 24.4% ....., 
Excluding the results of Obs. Ns. which were quite opposite to the 
others': 
Table 2b 
The deviations 0 I +4 
en 'pure 20% 52.5% +' 
i::: 
Cl) 
s 'too high' 15% 20% <1.> 
b.O 
'"O 
::s 'too low' 65% 27.5% ....., 
Here we can clearly see that all the observers except Ns. generally 
preferred the higher second tone and felt the theoretically perfect 
one to be too low. 
3. Experiments with reeds 
(The rising and the falling Fifth) 
It may not be proper of course, to determine the diminution 
of the falling Fifth only by the experiment mentioned above, as 
the kind and the number of the tonal sources used were limited 
and there existed the probability that the result came from some 
accidental conditions. So, I performed another experiment using 
reed tones. This time, the rising Fifth was investigated too. 
But the chief problem was the deviation of the falling one. 
Method 
The reeds with which the theoretically perfect Fifth was 
Experimental studies on successive musical intervals 169 
produced were those of 283 and 424.5 vibrations. In the rising 
series of the experiment in which the rising Fifth was presented 
to the observers, four reeds were used besides 424.5 as the second 
tones. 
The first tone 
283 
The second tones 
416.9, 420.3, 424.5, 430, 433.3 
In the falling series four reeds were used also besides 283. 
The first tone 
424.5 
The second tones 
273.3, 278.7, 283, 287.2, 292 
These were selected under the considerations of the pitch, the tonal 
volume, and the timbre. They produced tones of nearly the same 
volume and timbre. Five kinds of interval were presented with 
them to the observers in both the rising and the falling series. 
The presentation was made in random order. Each tone of the 
interval was sounded in the following tempo: the first tone of 
about one minute, a pause of the same length, and then the second 
tone of the same duration. The observers, closing their eyes, 
listened to them at a distance of about two metres from the tonal 
source. I asked them to judge whether the second tone was pure 
or too high or too low as the higher and the lower Fifth of the first 
tone. In some cases, it was necessary to explain the meaning of 
the Fifth as the relation of Do to Sol and vice versa, as the observers 
had various degrees of musical experiences. The other instruc-
tions were: "Please be careful not to hear the tones with any 
accent on either of them" : "Please be careful not to imagine 
any tone, for example a Third, between the first and the second 
tones." The purpose of the experiment was to investigate the 
deviation of a single Fifth which has no special musical meaning. 
Generally, forty judgements (eight per each kind of interval) 
were asked on two days from each observer, in the rising and 
the falling series respectively. 
Observers 
Besides the observers who had some musical skill, I asked 
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some who had no special musical training to help in the experi-
ment, so the observers had various degrees of skill and interest 
in music. They were Mr. Ab., Mrs. Ay., Mr. Hr., Mr. Ka., Mr. 
Kr., Mr. Kt., Mr. Oz., Mr. Rh., Mr. Sa., Mr. Sk., Mr. Sm., Mr. Ss., 
Mr. St., Mr. Tb., and Mr. Yz.. I express here my deep sense of 
gratitude to these observers. From the nature of the study, it is 
necessary briefly to describe here their musical abilities. Ab., 
a student of psychology, loves music very much and plays 
the piano. Ay. is a graduate of a college of music. Hr., 
a historian, loves music, sings himself and was a player in the 
mandolin orchestra of the University. Ka., Kr., Kt., Sa., Sk., 
Sm., Ss., St., and Tb., members of the psychological institute and 
students of psychology, had various degrees of interest but almost 
no special training in music. But, trying the experiments of 
pitch discrimination on these observers, I found that all of them 
could tell which was the higher among two tones that differ by 
8 d. v. in the middle tonal region. So they were, according to 
Seashore's opinion,1 those who might become musicians. I have 
already spoken of Oz. and Y z. on page 165 of this article. Rh., 
Table 
The second tones 416.9 420.3 
The deviations* -7.6 -4.2 
The judgements* l. I p. I h. 1. I p. I h. 
Ab.* 5.5 0.5 2 I 3 2 3 
Ka. 5 0 :1 3 4 1 
Kr. 8 0 0 5 3 0 
Obs. 
Oz. 8 0 0 7 0 1 
Rh. 4 0 4 2 2 4 
Sk. 
i 
15 1 0 8 8 0 
Ss.* 7 0 1 7 0 1 
Yz. I 7 0 1 8 0 0 ,, 
Totals 
11 
59.51 1.5 I 11 II 43 I 19 
I 10 
I 
* + means the higher deviation, i. e. the enlargement of 
a judgement as 'it is pure or too high' was counted as 0.5 
1 C. E. Seashore, The psychology of musical talent, 1919, p. 66. 
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a student of aesthetics, is trained in singing and plays the violin. 
All these observers attended to the falling series of the experi-
ment, but in the rising series, only nine of them. I conducted 
the experiments that belong to these series mixing them with each 
other. But, as the period was limited under a technical and some 
other conditions, I had to give up some experiments of the rising 
series. 
Results and considerations 
I. The rising series 
Nine observers took part in this series. Among them, how-
ever, one reported difficulty of judgement owing to the lack of 
mental criterion of the falling Fifth. (He told me that the judge-
ment is more difficult in the rising series than in the falling. 
In the latter, he completed the experiment without complaining 
of this difficulty.) So the experiment had to be suspended. The 
following are therefore the results of eight observers. At first 
we examine the real numbers of the judgements. 
3a 
424.5 430 433.3 
-~ ------~~ 
0 +5.5 +8.8 
1. I p. I h. I. I p. I h. 1. I p. I h. 
2 6 0 
I 
0 5 3 I I 6 
I 3 4 I 4 3 0 1 7 
I 5 2 0 6 2 I 2 5 
0 5 3 0 1 7 0 0 8 
3 4 1 0 6 2 3 0 5 
8 7 1 5 10 1 4 11 1 
1.5 6.5 0 0 1.5 6.5 0 0.5 7.5 
3 4 I 
1i 
2 3 3 2 0 6 
19.51 40.51 12 II 
8 I 36.51 27.511 11 I 15.5 J 45.5 
the interval. !.='too low', p.='pure', h.='too high'. Such 
of 'pure' and 'too high' respectively. 
The tendency to the enlargement of the rising Fifth can be already 




'too low' I !•too on the lower Ion the higher! 'pure' high' tones tones total 
Ab. 11.5 14.5 14 6 1 7 
Ka. 10 12 18 4 1 5 
Kr. 15 16 9 0 1 1 
Oz. 15 6 19 1 0 1 
Rh. 12 12 16 8 3 11 
Sk. 40 37 3 0 9 9 
Ss. 15.5 8.5 16 2 0 2 
Yz. 22 7 11 1 4 5 
Totals 
II 141 I 113 I 106 I 22 I 19 I 41 
• These are errors considered from a logical standpoint, i. e. the cases 
in which higher second tones than the objectively perfect one were judged 
as too low and vice versa. 
seen in these tables. The totals in table 8a show this. The results 
of the observers are alike in general except Sk. His preference 
is quite exceptional among our observers. In table 8b the total 
number of 'too low' is a little larger than that of 'too high'. But 
we cannot consider that this also has a connection with the ten-
dency, for it comes chiefly from the result of only one observer 
(Sk.), and in those of about half of the observers the relation is 
reversed. As the second tone is preferred a little higher than the 
theoretically perfect intonation, it is expected from a logical point 
of view that the number of 'too low' becomes far larger than that 
of 'too high', and the errors are more frequently found in the 
higher second tones than in the lower ones. But, the result is 
not so. I think this is due to the circumstance that the observers 
are apt to judge the second tones which deviate from the sub-
jectively perfect intonations as 'too high' under he probable in-
fluence of the rising tone-motion. This assumption seems to be 
true when we examine the results of the falling series. As regards 
the errors we shall consider them later on once more. 
The order of the preference among the various second tones 
becomes clear in the next table. 




-7.6 I -4.2 I 
0 I +s.s I +8.8 
'pure' 1.5% 23.4% 57.8% 49.2% 15.6% 
'too high' 17.2% 15.6% 18% 42.2% 70.3% 
'too low' 81.3% 61% 24.2% 8.6% 14.1% 
The order of the 
fl 
V I III I I I II I IV preference I 
Owing to the fact that the deviations of the second tones used in 
the experiment were not graded closely enough, the theoretically 
perfect one was most preferred. Yet the fact that the preference 
for + 5.5 was far superior in the percentage to that for - 4.2 
means that the interval was preferred a little enlarged as was 
already reported by Stumpf and Meyer. This tendency is more 
clearly seen in the results of the musical observers. When we 
divide the results into two parts, i.e. those of the observers who 
have musical training (group A) and those who have not (group 
B), we get the following table. 
Table 5 
The deviations I -7.6 I -4.2 I 0 I +s.s I +8.8 I 
'pure' 1.6% 12.5% 59.4% 46.9% 3.1% 
-0:: 'too high' 21.9% 25% 15.6% 46.9% 78.1% 
P.. 'too low' 76.5% 62.5% 25% 6.2% 18.8% 
::; 
0 
I f I I 
.... 
The order of c.., 
V III I II IV the preference 
---- ---·-
'pure' 1.6% 34.4% 56.3% 51.6% 28.1% 
>A 'too high' 12.5% 6.2% 20.3% 37.5% 62.5% 





The order of 0 V III I II IV 
1 the preference 
The order of the preference does not differ in groups A and B. 
But the preference is more concentric in the former than in the 
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latter. We can speak of its dispersion in group B, but not of a 
larger deviation in it than in the other group. In group B also, 
the preference of Obs. Ss. is very concentric, and is akin to that in 
A. On the contrary, that of Obs. Sk. is most dispersed. He said: 
"The judgement was always more difficult in the rising series than 
in the falling series : Do is clear for me when Sol is given, but Sol 
is not so when Do is given." His preference in the falling series 
is, as we see later on, not so dispersed. We may consider, there-
fore, that the dispersion came from the lack of a distinct crite-
rion of the judgement in the rising series of which he reported in 
his introspections. 
Among various introspective reports which we shall consider 
afterwards, I now pick up only those which have some connection 
with the enlargement of the interval. Such introspections were 
very few. 
Obs. Ss. "When the second tone was too high, the deviation 
was not easily felt. On the contrary, the deviation of 
Table 
The second tones 273.3 278.7 
The deviations* -9.7 -4.3 
The judgements l. I p. I h. l. I p. I h. 
Ab. 5 0 3 5 I 2 
Ay. 7 0 I 4 0.5 3.5 
Hr. 15 0 1 9 6 I 
Ka. 8 0 0 3 4 1 
Kr. 7 0 I 7 0 1 
Kt. 8 0 0 2 2.5 3.5 
Oz. 8 0 0 4.5 3 0.5 
Obs. Rh. 8 0 0 7 0 1 
Sa. 6 2 0 6 2 0 
Sk. 12 2 2 9 5 2 
Sm. 15 I 0 IO 2 4 
Ss. 8 0 0 8 0 0 
St. 5 2 I I 6 1 
Tb. 6 2 0 6 2 0 
Yz. 6 0 2 5 2 I 
Totals II 124 I 9 I 11 II 86.51 36 l 21.5 
* + means the higher deviation of the second tone. i. e. the 
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the lower second tones was easily noticed. Speaking 
strongly, it was disagreeable to me." 
Obs. Rh. "I suppose that a musical interval which is a little 
larger than that in the ordinary intonation sounds stable 
for those who are under a strain. To-day, I am under 
a strain." 
This opinion is interesting and surely contains a partial truth. 
But, in the falling series, he proved it to be not true as regards 
the falling Fifth. At any rate, it draws our attention to the fact 
that he more or less noticed himself the tendency to enlargement 
during the experiment. This might have somthing to do with 
the comparatively larger deviation in his result. 
II. The falling series 
All the observers took part in the experiment of this series. 
So the following are the results of fifteen observers. At first the 
frequency of the judgements are shown in real numbers. 
6a 
283 287.2 292 
0 +4.2 +9 
1. I p. I h. 1. I p. I h. 1. I p. I h. 
2 6 0 0 7 1 3 0 5 
0 6.5 1.5 0.5 2 5.5 0 0 8 
3 11 2 0 14 2 3 3 10 
3.5 3.5 1 0.5 5 2.5 3 0.5 4.5 
5 2 1 1 7 0 0 2 6 
3 3 2 1 4.5 2.5 3 0 5 
3 5 0 0 4 4 0 0 8 
3 2 3 1 5 2 0 0 8 
4 4 0 2 4 2 2 2 4 
0 14 2 0 8 8 10 1 5 
9 5 2 6 6 4 5 3 8 
4 4 () 5 3 0 4 1 3 
0 7 1 1 5 2 1 0 7 
4 3 1 3 4 1 0 1 7 
1 7 () 1 7 0 0 1 7 
44.51 83 I 16.511 22 I 85.51 36.511 34 14.51 95.5 
diminution of the interval. 




'too low' I l•too high' on the I on the I 'pure' lower tones higher tones total 
Ab. 15 14 11 5 3 8 
Ay. 11.5 9 19.5 4.5 0.5 5 
Hr. 30 34 16 2 3 5 
Ka. 18 13 9 1 3.5 4.5 
Kr. 20 11 9 2 1 3 
Kt. 17 10 13 3.5 4 7.5 
Oz. 15.5 12 12.5 0.5 0 0,5 
Rh. 19 7 14 1 1 2 
Sa. 20 14 6 0 4 4 
Sk. 31 30 19 4 10 14 
Sm. 45 17 18 4 11 15 
Ss. 29 8 3 0 9 9 
St. 8 20 12 2 2 4 
Tb. 19 12 9 0 3 3 
Tz. 13 17 10 3 1 4 
Totals II 311 l 228 181 I 32.5 I 56 I 88.5 
* See the notes below table 3b. 
The figures shown above bear a resemblance to those in tables 
3a and 3b. However, as plus deviation means here the diminu-
tion of the interval, the result is quite the opposite to that of the 
r1smg series. One of the other points of difference is found as re-
gards the total numbers of 'too high' and 'too low'. Here, the lat-
ter judgement is more frequent than the former. This seems to be 
a natural consequence of the fact that the second tone was preferred 
a little higher than the theoretically perfect intonation. Besides, 
it is quite probable that the falling tone-motion had an effect upon 
the frequency of the judgement 'too low'. In table 3b we see 
that 'too low' is, contrary to the result in the rising series, far larger 
in the total number than 'too high'. The exceptional cases are 
found in the results of only two observers. It is interesting that 
the errors on the higher and the lower second tones that have close 
connection with the frequencies of 'too high' and 'too low' do not 
show any definite tendency. Of course, those on the higher second 
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tones are larger in the total number. But, the exceptional cases 
are not few among the results. 
The order of the preference among various second tones partly 
differs from that in the rising series. It is as follows. 
Table 7 
The deviations ll -9.7 -4.3 0 +4.2 I +9 
'pure' 6.2% 24.6% 56.7% 59.6% 9.1% 
'too high' 8% 15% 11.2% 24.6% 70 
'too low' 85.8% 60.4% 32.1% 15.8% 20.9% 
The order of the 
II 
V III I II j I IV preference 
Comparing this with table 4, we see that we have almost the same 
result except the direction of the deviation. A partial difference 
in the order of the preference means that the degree of diminu-
tion of the falling Fifth was a little larger than that of the enlarge-
ment of the rising Fifth. But we must not neglect the fact that 
the deviation of the most preferred second tone in the falling series 
is a little smaller than that of the secondly preferred one in the 
rising series, i.e. the former is +4.2, the latter +5.5. Besides, 
the difference between the most preferred and the secondly pre-
ferred ones is very small. This cannot be noticed in the result 
of the musical observers as we see afterwards. So, it is supposed 
that the second tone which is to be judged as 'pure' by our 
observers lies between O and +4.2. 
Between the preferences of the musical observers and of those 
who have no special training in music, we can see the same relation 
as was found in the rising series. This is clear in the compari-
son of table 8 with 5. In table 8 also, the preference is more 
concentric in group A than in group B. But there are some 
differences between the tables. In table 5, we could not clearly 
speak of the larger deviation in the judgements of group Bowing 
to the dispersion of the preference. In the next table, in spite 
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of the dispersion, it is clear that the deviation (the diminution) 
is a little larger in the judgements of group B than in those of 
group A. 
Table 8 
The deviations I -9.7 I -4.3 0 +4.2 I +9 ... 
'pure' 0% 19.8% 66.7% 66.7% 5.2% 
< 'too high' 13.5% 17.7% 11.4% 28.1% 85.4% 
D. 'too low' 865% 62.5% 21.9% 5.2% 9.4% 
:::, 
0 
I I I 
I 
... 
The 0 order of V III the preference II II I 
IV 
'pure' 10.4% 27.8% 50% 54.9% 11.8% 
P:: 'too high' 4.2% 13.2% 11.1 % 22.2% 59.7% 
D. 'too low' 85.4% 59% 38.9% 22.9% 28.5% 
:::, 
8 
l I I I 
0 The order of 
V the preference III II I IV 
As we see in table 6a and in diagrams shown in the next 
paragraph, the tendency of diminution of the interval can be more 
or less seen in the results of almost all the observers. The excep-
tional cases are found in those of Obs. Ka. and St.. The prefer-
ence of Ka. has two peaks both in the rising and the falling series. 
In the latter, this clearly came from the judgements made on one 
day. On another day he showed almost no different result from 
the others'. St. rather preferred the interval slightly enlarged 
on both days of the experiment. The results of Obs. Sa., Sm., 
and Tb. show the tendency of diminution clearly, in spite of the 
larger dispersion of the preference. Concerning the exceptional 
cases, I cannot find any reason why they occured. The introspec-
tive reports also do not suggest a reason. 
The introspections that are concerned with the deviation are 
very few as was the case in the rising series. Among various in-
trospective reports of the observers, I can find only the following 
which relate to the diminution of the falling Fifth. 
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Obs. Ka. "I often felt the second tone to be pure, and at 
the same time, to be a little higher than the pure intona-
tion. But, I had no such sensation when the second tone 
was felt to be a little lower." 
(This was reported on a day on which his judgements 
clearly showed a tendency to diminution of the interval.) 
Obs. Oz. "It seems that I feel the slightly higher Do to be 
pure, too. It is not so as regards the slightly lower one." 
Obs. Ss. "I feel a little higher second tone not so disagree-
able as a little lower one." 
Obs. Yz. "I felt two kinds of second tone to be pure." 
(The meaning is clear when we examine his judgements 
in table 6a.) 
4. Some contributions to the psychology 
of musical intervals 
As the result of the investigation, I considered above only the 
enlargement of the rising Fifth and the diminution of the falling 
Fifth. Now I enquire into the problem of the deviation in 
general, and in addition to this, refer to several problems about 
which I could learn something from the results and the intro-
spective reports of the observers. At first, I show the results of 
the experiments with reeds in diagrams in order to examine more 
easily some definite tendencies in the judgements. In the follow-
ing diagrams, the ordinate indicates the percentages of the judge-
ments ('pure' of each second tone are linked with - , 'too high' 
with---, 'too low' with--~---) and the objective deviations 
of the second tones are put on the absciss. 
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1. The rising Fifth I. Group A 
I. Obs. Ab. 
/00% 
5. Obs. Ka. 
9. Group A 




II. Group B 







III. The average 















4. Obs. Yz. 
i /~ I 
r :\ 
I '· , , \ I 
I 
8. Obs. Ss. 
12. All except 
Ka. and Sk. 
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2. The falling Fifth I. Group A 
13. Obs. Ab. 14. Obs. Ay. 15. Obs. Hr. 16. Obs. Oz. 
\ 
\ 71 \ 
\ ,/ ' 
-9.7 -43 0 +4.2 +9 
17. Obs. Rh. 





18. Obs. Yz. 
II. Group B 
19. The average 
I 
I 
21. Obs. Kr. 22. Obs. Kt. 23. Obs. Sa. 
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24. Obs. Sk. 
\ 
\ 
97 ·13 0 +42 






II. Group B (Continued) 
25. Obs. Sm. 26. Obs. Ss. 27. Obs. St. 
\ 
\ 
\ \ \ \: 
'., \ 
\ 
29. The average 
-l-_.,,. '· 
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' / -,✓ 







' ' ' 
1) As regards the rising Fifth, I got the same result as that of 
the experiment conducted by Stumpf and Meyer. That is, the 
interval was preferred a little enlarged. The degree of the 
enlargement was various among the observers as we see in dia-
grams 1-8. However, the average is almost the same as the result 
obtained by the former investigators. It was presumable that 
the subjectively perfect intonation lay between O and +5.5, and 
near 0. As regards the falling Fifth, our result is quite the oppo-
site to that of the former experimenters. That is, the interval 
was preferred a little diminished by almost all the observers as 
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we see in diagrams 13-18 and 20-28. In the result of the experi-
ment with reeds, the degree of the diminution was a little larger 
than that of the enlargement. It seemed that the average of the 
subjectively perfect intonation lay nearly at the middle of O and 
+4.2 (see diagrams 19, 29, 30). In the result of the experiment 
with tuning-forks, the diminution was still larger, perhaps owing 
to the fact that the interval was presented in a lower tonal region. 
The fact that the deviation of the subjectively perfect intona-
tion of a musical interval from its objectively perfect intonation 
is influenced by the direction of tone-motion, i. e. the rising or the 
falling of the interval, becomes clear in our results. Not a 
quantitative as Stumpf and Meyer found, but a qualitative differ-
ence occurs as the direction changes. Of course, this was ascer-
tained by us as regards the Fifth only. But Stumpf and Meyer 
did not find it even for this one musical interval. Why did they 
not ? It is a problem to be considered. I think of the following 
points as those which may have something to do with it. a) 
Our theme was the deviation, while that of Stumpf and Meyer 
was the measurement of the pureness of consonant musical in-
tervals. Our observers generally judged the pureness while 
relaxing in easy attitudes. Perhaps, Stumpf-Meyer's observers 
did not judgein this way. b) The former heard the interval 
as an isolated one and without accenting either of the notes which 
compose it or without giving any musical meaning to it, while 
the latter did not hear it in this way. c) In the falling series of 
experiments, I asked the observers not to judge the falling Fifth 
by inverting the direction in their mind, because the research 
becomes meaningless if they judge the interval in this way. 
While, Stumpf reported that the tendency more or less existed 
to invert the fal1ing Fifth in the mind and then to judge the 
pureness. d) Stumpf-Meyer's study on the falling Fifth was 
not sufficient. It seems that the interval was not experimented 
with reed tones. 
It must be noticed, however, that some opinions which 
Stumpf expressed concerning the deviation are helpful for the 
explanation of the result obtained by us. He says that the rising 
tone-motion is of energetic character, and moreover the rising 
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interval seems to us more natural in the experiment.I Musico-
logists say that the falling tone-motion was dominant in the music 
of ancient times, while the rising one is so in that of recent times. 
Surely, these circumstances have something to do with the facts 
found by us. It is possible that the rising musical interval is 
preferred by us a little enlarged as the rising tone-motion is easily 
perceived by us. Whereas, the faHing musical interval is pre-
ferred a little diminished as the falling tone motion is perceived 
with some difficulty. However, I do not think that the deviation 
of the Fifth is sufficiently explained by this, and much less that 
those of various other musical intervals are so. Further investi-
gations are needed for the understanding of the phenomena. 
2) Concerning the judgement of the pureness of the interval, 
many introspections were reported in the experiments with reeds. 
Although these reports concerned the rising and the falling Fifth, it 
is quite certain that the larger part of them has not a little mean-
ing for the psychology of successive musical intervals in general. 
Obs. Ab. "At the moment when I hear the second tone 
that is not pure, it is not clear to me whether it is too 
high or too low: I rather feel it agreeable or disagreeable." 
Obs. Ay. "I immediately feel the second tones that are not 
pure, to be too high or too low." 
Obs. Hr. "My first feeling is whether the second tone is 
or is not in harmony with the first. But, sometimes 
I immediately feel that it is either too high or too low." 
"To-day, I generally feel the high or low immediately." 
Obs. Ka. "The fact that the second tone is too high or too 
low is felt simultaneously with the fact that it is not 
pure." 
Obs. Kr. "'Too high' and 'too low' are not felt by me 
directly. In these cases, I feel at first only that the 
second tones are not pure." 
"'Too high' or 'too low' was felt immediately to-day. 
The criterion of the judgement is not clear in the con-
sciousness. The tone relation is not clear, but some-
1 See Op. cit. p. 397. 
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thing exists in the manner of a mental attitude." 
Obs. Kt. "I often had cases in which the second tones are 
obviously not pure, but I don't feel them too high or too 
low directly." 
Obs. Oz. "I feel at once whether the second tone is too high 
or too low" 
Obs. Rh. "When the second tone was too high or too low, 
I felt at first only that it was not pure. I judged the 
pureness by singing the interval myself, as I believed 
that I could judge more correctly in this way." 
(This observer often sang it so loudly that it could be 
heard by the experimenter.) 
Obs. Sa. "When the second tone was not pure, it was clear 
to me whether it was too high or too low." 
Obs. Sk. "I often had cases in which I felt that the 
second tone was not pure, but couldn't easily determine 
whether it was too high or too low." 
Obs. Sm. "I judged the second tones as pure that were in 
harmony with the first. The fact that they are not so 
is felt simultaneously as to whether they are too high or 
too low." 
Obs. Ss. "I hear the first tone and then imagine the second 
tone in its correct intonation and wait for the real 
second tone." 
"I couldn't decide only once whether the second tone 
was too high or too low. This occurred when it was 
almost pure." 
Obs. St. "When I felt it was not pure, I also felt simulta-
neously that it was too high or too low." 
Obs. Tb. "I feel the second tone to be too high or too low 
simultaneously with feeling the disharmony." 
Obs. Yz. Sometimes it was difficult to decide whether the 
second tone was too high or too low. In some cases I 
felt the high or the low rather directly, but it was after 
I noticed the disharmony. 
Do we feel the higher or the lower second tone to be too high or 
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too low simultaneously with feeling the disharmony or not? In 
other words: Do we recognize the direction of the deviation of the 
second tone (i.e. the high or low) immediately? I think this is an 
important problem in the psychology of the musical interval. 
So, at the beginning of the experiment, I asked the observers to 
report concerning this point especially. It is the reason why 
the introspections shown above generally are of the same kind. 
Some observers answered in the affirmative, and others answered 
negatively. I think this is one of those evidences which mean 
that musical intervals are experienced by us in various ways. 
I assume that our experience of musical intervals has two sides. 
On one side, they differ from each other quantitatively and the 
difference is continuous, and on the other side, they differ from 
each other qualitatively and the difference is discontinuous.1 
It may be considered that the observers who answered affirmati-
vely experienced the former side more than those who answered 
negatively did. However, the difference is not only individual but 
also concerns the musical experience. To consider the difference, 
the frequencies of the errors mentioned before are important 
besides the introspections. So I examine them next. (Some 
of the introspections shown above concerned the criterion of the 
judgement. It will not be necessary to mention the meanings of 
them.) 
8) It is not enough to see the difference of the experience of 
musical intervals in the introspections only. They are merely 
one of the keys, and another key is given to us now in the results 
and can be considered quantitatively. It is the errors, i.e. the 
cases in which objectively too low second tones are judged as 
'too high' and vice versa. It is possible that these cases contain 
some that are not errors really, as the subjectively perfect intona-
tion does not coincide with the objectively perfect one. But, 
in reality, the difference was generally not so large as the smallest 
objective deviation used in the experiment. So, we may consider 
them as real errors, although it was noted before that they are 
those which are considered from a logical standpoint. As we see 
1 See also A. We 11 e k, Die Mehrseitigkeit d. "Tonhohe" als Schlussel 
zur Systematik d. musikal. Erscheinungen (Zsch. f. Psycho!., 134 1935). 
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in tables 3b, 6b and in the diagrams, they are frequently found in 
the judgements of some observers, but not in those of others. 
When the introspection tells the truth of the mental process of the 
judgement minutely, the observers who reported that they felt 
the 'too high' and 'too low' immediately are found to have 
the smaller numbers of errors. But that was not the case with 
all the observers. Some of them had a fairly large number of 
errors, in spite of the fact that they reported they felt the high or 
the low immediately. In these cases, we have to attach more 
importance to the objective results. Generally seen, however, 
it may be considered that the frequencies of the errors coincide 
with the introspections and indicate the difference of the ex-
periences of musical intervals. 
We find also a fact that the error does not always decrease 
but sometimes increases as the objective deviation of the second 
tone becomes larger. This may be considered as one which con-
cerns the nature of musical intervals, too. The following in-
trospections refer to the tendency. 
Obs. Hr. "When the deviation was very large, I decided 
the high and low by considering the tonal distance. 
I had cases in which I could hardly decide the high or 
low of the second tone, while the deviation was quite 
clear to me." 
Obs. Rh. "It is rather difficult to determine the high and 
the low when the second tone deviates extremely." 
5. Summary 
1. It is reported that musical intervals are usually preferred 
by us a little larger, or sometimes, smaller than the theoretically 
perfect intonations. On the assumption that the deviation 
is influenced by the direction of the tone-motion, i.e. the rising 
and the falling of the interval, I presented several kinds of the 
rising and the falling Fifth to the observers and investigated the 
deviation. As the tonal source, I used tuning-forks and reeds. 
The result was as follows. The rising Fifth was preferred a little 
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enlarged as was reported by Stumpf and Meyer. On the contrary, 
the falling Fifth was preferred a little diminished. This is quite 
a new finding by us. 
2. Why do such deviations occur? It is not sufficiently clear 
to me, now. However, I think that the following circumstance 
may be considered as one of the reasons. That is, the rising 
tone-motion is dominant in our music and so we easily perceive 
this motion, while the falling tone-motion is perceived by us with 
some difficulty. In spite of this explanation which is applicable 
to various musical intervals, I do not want immediately to apply 
to the other intervals the result obtained in this study as regards 
the Fifth only. 
3. I saw that some observers recognized the direction of the 
deviation immediately, while it was difficult for other observers 
to recognize the direction even when they clearly felt the devia-
tion. This difference needs to be further investigated for the typo-
logy of our experiences of musical intervals. 
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